Background and Aim: The Chinese version quality of life questionnaire for functional digestive disorders (Chin-FDDQL) is a useful health assessment instrument for functional dyspepsia. This study aims to identify its score interpretation for clinical practice. Methods: Data of Chin-FDDQL from the functional dyspepsia patients (≥ 18 years) between November 2009 and April 2013 were enrolled in the 1st and 14th day. After baseline and responsiveness analysis, the single score interpretation and percentile ranks were established. The statistically reliable change was defined with effect size, standardized response mean, minimal detectable change, and others. Then the receiver operating characteristic curve analysis for health improvement was performed to define the clinically important change. Results: Two hundred two functional dyspepsia patients, 150 healthy participants, and 25 missing data were enrolled for analysis. Compared with the intake patients, the discharged and healthy persons have significant better health status in all domains (P < 0.001, expect discomfort in discharged people, P = 0.142), totally contrast to missing data. The reliability for single total intake and discharge were both ± 1. Based on score distribution, the 25th, 50th, and 75th percentile ranks were 49, 58, and 66 for intake scores and 59, 65, and 72 for discharge scores, respectively. The minimal detectable change and Reliable Change Index were 6 and 11 for total score. Receiver operating characteristic analyses supported that total score changes 4 or more represented minimal clinically important improvement. Conclusions: The score interpretation system of the Chin-FDDQL could assist clinician's decision making during the therapy practice.
Introduction
Functional dyspepsia (FD), affecting up to 29.2% of population worldwide, is defined as a condition in which dyspeptic symptoms occur in the epigastric region in the absence of an organic disease. 1, 2 At present, there are various scales to assess its symptoms and impacts. [3] [4] [5] Of those, the quality of life questionnaire for functional digestive disorders (FDDQL), which aims to measure the pathology and symptoms of FD and irritable bowel syndrome with 8 domains and 43 items, has good scientific attributes. 6, 7 Until now, it has been translated into many languages: English, French, German, and others. 8 In the previous study, the research group successfully translated it into mandarin language and found that it had good reliability, validity, responsibility, item test function, and differential item functioning characters. 9 In spite of well-established development of instruments, bias in interpreting health-related quality of life scores may limit its use in clinical practice. 10 As a limitation, we did not explain the clinical meaning of Chinese FDDQL (Chin-FDDQL) in our previous study, which brought several problems: what exact information was provided with the test for doctors and patients, and how to make scientific clinical decisions? Clinical interpretation means "the degree to which one can assign easily understood meaning to an instrument quantitative score." 11 At present, the main methods for interpretation research include paired t-statistic, effect size, standard error of measurement, and Reliable Change Index (RCI). 12, 13 However, most of them were isolated and lean to statistical analysis, making it far away from the real clinical practice. To solve the problems, more complex and rational methods were proposed. [14] [15] [16] This study aims to establish the clinical interpreting system for Chin-FDDQL with the mixed methods.
Methods
Design. Prospective cohort study was adopted.
Environment. Patients who attended the outpatient and inpatient departments in the First Affiliation Hospital of Guangzhou University of Chinese Medicine were enrolled. This study was approved by the Research Ethics Committees in Guangzhou University of Chinese Medicine.
Objects. The diagnostic criteria in Rome III were adopted to screen the FD patients. 17 The inclusion criteria were constructed as follows: (i) age up to 18 years, (ii) the existence of FD defined by Rome III, and (iii) signed the agreement document.
The participants meeting any exclusion criteria were excluded: (i) digestive complications in addition to FD; (ii) disturbance of consciousness, mental illness, and serious psychoneurosis; (iii) complications like cardiovascular and cerebrovascular diseases, renal impairment, hematological disease, and some other severe primary diseases; (iv) pregnancy; and (v) adequate reasons to be deemed as unsuitable for the study.
The withdrawal criteria include the following: (i) patients dropout with their own because of poor efficacy, adverse reactions, and so forth; (ii) loss to follow up; (iii) adequate reasons to be excluded who failed to complete the clinical program because of poor compliance, serious complications, and others. The health was defined as no physical and psychological diseases.
Intervention. All the patients with seven wash-out days accepted esomeprazole (20 Measurement and data collection. In the first day, patients' demographic characteristics and the Chin-FDDQL were collected for health baseline assessment. After 14 days intervention, the patients were asked to complete the Chin-FDDQL questionnaire again for health improvement evaluation. All items in the questionnaire must be answered by patient themselves while leaving blank with reason noted. Neither assistance nor explanations from the investigators or proxy were excluded. If anything was revamped, a signature of a researcher and the date should be indicated. After observing a case, the questionnaire should be handed up to the director for examination and signing in order to discover bias and settle them as well as record in time. Finally, two investigators were in charge to input the collected data independently into the Epidata software and transmit to statisticians for analyses.
Statistical methods
Assessing baseline data and responsiveness. Firstly, the age was transformed to a binary variable (youth: < 45 years; middle and elderly people: ≥ 45 years), and the data were described as means ± standard deviations (for quantitative data) and frequencies (or proportions) (for qualitative data). We assessed differences in gender, age, scores in each domain, and total among discharge group, withdrawn group, and health group using independent t-test (for quantitative data) and chi-squared (for qualitative data). And the paired t-test was used to compare the scores before and after interventions between the intake and discharge group. SPSS11.0 software was used for statistical analysis.
Identify reliability on the scores. The aim of this step was to provide an estimation of scores precision. We firstly divided the scores abstracted from the questionnaires before treatment and after treatment (100 points in total) into 10 equally spaced intervals (at intervals of 10 points). Then the standard error of mean (SEM) 18 and 90% CI (1.65 × standard error) of each interval were calculated, and we obtained a confidence interval (score point ± 90% CI) (The calculation formulas were listed in Appendix S1).
Set up percentile ranks. The purpose in this step was to set up percentile ranks to estimate the patient's health status scores. In other words, it referred to the proportion of scores in a distribution to estimate how many patients were healthier or worse or equal to a defined person. For a more precise distribution, we distributed a total 100 score point into 20 intervals equally at 5-point interval to analyze different proportion of people.
Define the statistically reliable change. There are many methods to interpret the longitudinal changes of scale scores for statistical analysis. Paired t-statistic, 19 effect size (ES), 20 standardized response mean (SRM), 21 23 and MDC 99 (= 2.58 × MDC) were applied to analyze the statistical meaning of the change of the score point in the 10 equal intervals (The calculation formulas were listed in Appendix S1), which were separated into different ranks with 0.2 (weak), 0.5 (moderate), and 0.8(strong). 24, 25 Identify the threshold value of the clinical validity. It was an approach to explore the score variation reversely by selfperception from patients and regarded as an important method for questionnaire interpretation. Data were collected from an item presented by asking patients "how do you feel now comparing with that before treatment?" followed by five response categories: (i) much worse; (ii) worse; (iii) no change; (iv) better; and (v) much better. Answers were dichotomized as "No" (i-iv) versus "Yes" (v). Using the "Yes" (v) as the dependent variable to perform a receiver operating characteristic (ROC) curve analysis, we defined P < 0.05 together with 95% CI excluding 0.5 as the significant variable. The maximum of Youden index was confirmed to identify the cut-off point in the curve. SPSS11.0 software was used for statistical analysis.
Clinical recommendations base on comprehensive evidence. Recommended process of questionnaire interpretation was made according to analytical results from the above steps to form integration as clinical procedures for diagnosis and treatment.
Considering the practicability and maneuverability in clinical practice, all data were rounded to integers.
Results
Socio-demographic results. There were 307 patients screened totally in our study, of which 80 cases were excluded, 25 cases were withdrawn (missed), and 202 were enrolled finally. Meanwhile, 274 normal volunteers were screened, of which 124 cases were excluded (no missing) and 150 cases were enrolled finally. The demographic characteristics in each group were showed in Table 1 .
Evaluation on baseline and responsiveness. According to patients' gender and age, total scores of the Chin-FDDQL and scores in eight different domains, there was no significant difference between the finishing group and the missing group, but the scores in both groups were significantly lower than that of the normal group (P < 0.001, Table 1 ). Total scores and other seven domain scores after treatment were significantly better than that before treatment (Table 1) Identify the reliability on the scores. Ninety percent confidence interval of the standard errors of total scores and eight domains scores in 10 equal intervals calculated before treatment and after treatment were showed in Table 2 . We rounded all data into integers and counted undefined standard errors and confident intervals as 0. More exact information for the standard errors and 90% CI of the standard errors of each 10-score interval were showed in Appendix S2.
Set up percentile ranks. The mean (standard deviation) of the total scores before and after treatment was 57.187 (12.008) and 64.693 (9.063), increased 7.506 points averagely. The minimum, maximum, and mode of intake and discharge scores for the Chin-FDDQL are presented in Appendix S3. The percentile ranks in 20 equal intervals of intake and discharge scores (100 points in total) for the Chin-FDDQL were showed in Table 3 .
Define the statistically reliable change. It exhibited a strong statistical reliability changes between total intake and discharge scores for the Chin-FDDQL (ES = 0.625, SRM = 1.264) with the minimum detectable change 5.422 points and minimum statistically reliable change 10.627 points. We have displayed the analytical results of the statistically reliability changes in each score and the 10 equal intervals subordinated (Table 4 and Appendix S4).
Identify a threshold of clinical reliability change.
Defining patients' self-report of "large improvement" as dependent variable and the score difference between intake and discharge as independent variable, we came to a conclusion that all variables except the "Sleep" domain (P = 0.115, 95% CI [0.489, 0.650]) have significant changes (Table 5 , Figure 1 ). With maximizing the Youden index, we confirmed the cut-off points of each scores (thresholds of clinical reliability changes) as 4 (total), 5 (activities), 13 (anxiety), 2 (diet), 17 (sleep), 7 (discomfort), 10 (health perception), 4 (coping with disease), and 8 (impact of stress). (Table 5 ) ,100)  1  1  2  1  2  1  1  1  2  10  -3  2  1  2  2  --Total  2  2  2  2  2  2  2  2  2  2  2  2  3  2  3  3  1  1 *Standard error of the mean (SEM). "-" means no information for the SEM and 90% SEM; Dis-, discharge; In-, intake.
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Deduce from the data. A recommended procedure for clinical interpretation of the Chin-FDDQL was put forward based on the results of each step above and clinical processes of diagnosis and treatment for further evaluation and study ( Figure 2 ). That is calculating the reliability and distribution of each intake and discharge scores and assessing the statistically reliable change and clinical reliability changes of the score differences. Table 3 The percentile ranks of intake and discharge scores for the Chinese version of quality of life questionnaire for functional digestive disorders* (%)
A scale for instance. A 33-year-old female patient of FD (No. 200) has obtained 47 points before treatment while 62 points after treatment. The score difference was 15 points. Her self-report was presented "Much better than that before treatment." Now, we analyzed the case according to the recommended procedure for clinical interpretation:
Step 1. Estimate the reliability of intake score.
The 90% CI estimate of total intake score is 46-48 (Table 2 ).
Step 2. Identify the percentile rank of intake score.
Her health consideration, showed in her total scores, was similar to that of other 12.4% patients, better than that of 15% patients but worse than that of 72.6% patients (Table 3) .
Step 3. Estimate the reliability of the discharge score.
The 90% CI estimate of total discharge score is 61-63 (Table 2 ).
Step 4. Identify the percentile rank of the discharge score.
Her total discharge score corresponds to a health status equivalent to that of 16.8% patients, superior to 29.3% patients but inferior to 53.9% patients (Table 3 ).
Step 5. Define the statistical reliability changes.
The total score had been increased by 15 Step 6. Confirm the threshold of the clinical reliability changes.
We confirmed that the total scores had been increased by 15 points, which exceeded the threshold of the clinical reliability changes (4 points, Table 5), the case of which needed to compute the threshold.
Discussion
Main results. In this study, we have concluded the main results following: (i) To obtain reliable scores, the score in total should add or subtract 1 point (± 1), and in domains of activities, anxiety, diet, sleep, discomfort, and health perception need to add or subtract 2 points (± 2), and the stress situation needed to add or subtract 3 points (± 3). When the disease had been controlled, it needs to add or subtract 3 or 2 points (± 3 or ± 2 ). (ii) Interpreting questionnaire for dyspepsia Z-k Hou et al.
The percentile ranks of scores could be used to compare patients' health status before and after treatment. (iii) To obtain the minimum statistical differences, it needed to reach the different value scores of 5, 9, 12, 13, 21, 12, 17, 17, and 16 in activities, anxiety, diet, sleep, disorder, health perception, disease control, and stress; and to meet the statistical reliable differences, it needed to reach the different value scores of 11, 18, 23, 25, 40, 23, 33, 33, and 31 correspondingly. (iv) There was significance in taking more than 4 points of total score of scale; and it needed more than 5 points in activities, 13 points in anxiety, 2 points in diet, 17 points in sleep, 7 points in discomfort, 10 points in health perception, 4 points in disease control, and 8 in stress.
Explanation of the main result. Firstly, it was indispensable to interpret the whole-scale system with complex methods. Also, it needed to consider the primary scores, the reliability, the percentile ranks, the statistically minimum important change, and the threshold of clinically important change. In addition, the bias would be emerged when a single statistical target was affected by designed protocol and sample size; moreover, the integrated interpretation system could reduce the system and random error. Furthermore, the threshold of clinically important change was one of the most important targets. In this study, the results suggested that there was significant when the difference of the total scores between before treatment and after treatment achieved 4 points and the clinically important change with ROC analyzing appeared a significant value in diagnosis (the sensibility of 0.964 and the specificity of 0.694). However, the key points should be noticed: (i) There was still a potential false positive and false negative rate via ROC analyzing to estimate the health improvements with the cut-off point representing the threshold of clinical important change. The result showed the threshold in total score was 4 points, which might lead to a higher false positive rate by analyzing the clinical experience and rules of questionnaire.
(ii) In the eight domains of questionnaire, it needed more scores to show the clinical important change from anxiety (13), sleep (17) , health perceptions (10) , and impact of stress (8) . Therefore, it might be relative to psychic and mental problems in some FD patients who require a higher quality of life. (iii) Although it is generally recognized that different baseline interventions have obvious influence on the objective treatment results, few evidence clearly demonstrated that they affect the patients' subjective sensation on the health changes scored by questionnaires. However, to avoid the baseline bias in the intervention as soon as possible, all the patients had taken seven wash-out days. Secondly, apart from clinical interpretation criteria of total scores and each domain scores for the questionnaire, the interpretation system of 10-point equidistant intervals (100 points in total) subordinated to each score were also established. Although there were few differences in the subgroup scores comparing with that in the whole interpretation system, it was significant to better understand the specific score changes and useful for more personalized complex intervention. For example, with the individual interpretation system, the total score of an FD patient, Yu-lan Li, was 47, which fell in the interval of (40, 50), and the difference of intake and discharge score (15) (Table 5) , which suggested much more significant.
Thirdly, there is no statistical significance in the responsiveness (P = 0.142, 95% CI [À1.785, 0.259]) and statistically reliable change (ES = 0.039, SRM = 0.104) of the diet domain. The domain contains six items, all of which do not evaluate the diet symptoms instead of diet customs, psychological state, and behaviors, and the latter four situations were less possible to have obvious changes. Probably, a longer testing interval would be needed to enhance positive rate in statistics. The sleep domain showed a better responsiveness (P < 0.001, 95% CI [À8.922, À4.857]) and a medium statistically important change (ES = 0.362, SRM = 0.470), but it implied no significant meaning (AUC = 0.570, P = 0.115, 95% CI [0.489, 0.650]) in ROC analysis, which had a higher specificity (0.903) but a lower sensitivity (0.321). It prompts that a further study would be needed to identify whether there is a clinically important change to use a score difference of 17 points as a threshold, and other indexes would be required for synthetically analyzing.
Advantages and limitations. An advantage in of our study is the to establishment of an integrated clinical interpretation system with multiple parameters such as Paired t-statistic, effect size (ES), standardized response mean (SRM), standard error of measure (SEM,) and SEM 95 , including analyzing baseline, reliability, percentile ranks, statistically reliable changes, and clinically important changes;. In addition, we developed a comprehensive criteria criterion of "integral + subgroup" for interpretation, which could provide more detailed and individual clinical interpretations; Finally, a procedure of clinical interpretation for questionnaire was recommend, supplying more intuitive and convenient explanation of scores for clinicians and patients. , activities; , anxiety; , diet; , sleep; , discomfort; , health perception; , coping with disease; , impact of stress; , total; , reference line.
However, there are still some limitations in our study. (i) The testing interval was set as 14 days, and it predicted empirically that there would be some differences in interpretation to set another interval while lacking of data evidence, and further studies should be investigated interpretations at different testing interval. (ii) The statistical results indicated that the FD patients felt better after treatment, and the data were suitable for interpretation of better health. In contrary, it was regarded different between minimum better score and minimum worse score. 26, 27 Interpretation of worse condition in FD patients should be further studied. (iii) There was no significance in the responsiveness or ROC analysis of diet and sleep domain, which should be analyzed in the further study.
Clinical considerations. When interpreting the clinical scores for scales, the recommended procedure and the primary scores, the reliability, the percentile ranks, the statistical minimum and important change, and the threshold of clinically important change should be provided for clinicians and patients clearly to obtain a score of comprehensive health evaluation. Furthermore, a clear interpretation should be given to clinicians and patients, which could directly be used for reliability and percentile ranks, but the discharge data were restricted by the testing interval (14 days) and could only be applied in interpretation of health improvement. As for other testing interval and health decline, the interpretation of this Chin-FDDQL needed more references and further research in future.
Conclusion
In this study, the clinical evaluation system of Chin-FDDQL has been established by methods of multiple control groups, steps, and targets. The results are presented with a favorable interpretation and practicability, which are reliable for evaluating and interpreting the condition of Chinese FD patients. And it is conductive for clinicians, researchers, and patients to make the right clinical decision and life strategies in future. Table 3 .
